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(54) POSITIVE ELECTRODE ACTIVE MATERIAL AND NONAQUEOUS 
ELECTROLYTE SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
nonaqueous electrolyte secondary battery with 
less deteriorated charging/discharging 
characteristics even when used under high 
temperature conditions using inexpensive 
manganese oxides for a positive active material. 
SOLUTION: This positive active material has a 
manganese oxide particle mainly containing a 
manganese oxide and an elution suppressing layer 
of a non-polymer film covering the manganese 
oxide particle for suppressing elution of a 
manganese. This nonaqueous electrolyte 
secondary battery has the positive active material 
in a positive electrode. A nonaqueous electrolyte 
(an electrolyte solution, for example) is not 
brought into contact with a manganese element 
highly active by blocking the elution suppressing 
layer so that the nonaqueous electrolyte is 
prevented from being electrolyzed by the 




manganese. A negative electrode is not badly affected by eluting the manganese from the 
positive active material. Therefore, this nonaqueous electrolyte secondary battery can 
maintain large discharging capacity even if stored or charged/discharged under high 
temperature conditions for a long time and deterioration of charging/ discharging 
characteristics is reduced. 



CLAIMS 



[Claim(s)] 

[Claim 1] Positive active material characterized by having the manganic acid ghost 
particle which uses a manganic acid ghost as a principal component, and the elution 
control layer which is a wrap non-macromolecule coat about the front face of this 
manganic acid ghost particle, and controls the elution of the manganese from this 
manganic acid ghost particle. 

[Claim 2] Said elution control layer is positive active material according to claim 1 
constituted considering one of lithium multiple oxides as a principal component among 
Ti, V, Mo, W, Co, and nickel. 

[Claim 3] Said manganic acid ghost is positive active material given in either among 
claims 1-2 which are either among the multiple oxide of a lithium and manganese, and a 
manganese dioxide. 

[Claim 4] The combination weight ratio of said manganic acid ghost particle and said 
elution control layer is positive active material given in either among claims 1-3 which 
are 1:0.001 thru/or 1:0.01. 

[Claim 5] The nonaqueous electrolyte rechargeable battery characterized by having 
positive active material given in either in a positive electrode among claims 1-4. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention belongs to the technical field of the nonaqueous 
electrolyte rechargeable battery containing a rechargeable lithium-ion battery and a 
lithium secondary battery. 
[0002] 

[Description of the Prior Art] In recent years, development of cordless electronic 
equipment, such as a video camera, a portable telephone, and a pocket personal 
computer, is remarkable, and the nonaqueous electrolyte rechargeable battery which cell 
voltage can charge by the high energy consistency highly as these cells for power sources 
attracts attention. As positive active material used for such a nonaqueous electrolyte 
rechargeable battery, they are LiV308, LiCo02, and LiNi02. And use of various lithium 
transition-metals multiple oxides, such as LiMn 204, is considered. Also in these, 
promising ** of the manganese system oxides, such as LiMn 204, is carried out 
especially from the very cheap thing. 

[0003] However, if a manganic acid ghost is used as positive active material, it is known 
that following un-arranging will arise. Since the charge electrical potential difference 
exceeding .4 V is applied to a nonaqueous electrolyte rechargeable battery in the first 
place, the electrolytic solution will be disassembled by the catalysis of manganese with 
high activity, and un-arranging [ that a cell property deteriorates ] arises. The manganese 
which began to melt [ second ] from the front face of positive active material moves in 



the inside of nonaqueous electrolyte, and it acts to a negative electrode, and also produces 
un-arranging [ of checking charge and discharge ]. Under hot environments, these 
especially un-arranging are remarkable and causes remarkable degradation of a charge- 
and-discharge cycle property, and degradation of a preservation property. 
[0004] Then, the technique in which other transition metals permute the manganese of the 
front face of a spinel mold lithium manganic acid ghost is indicated by JP,9-35712,A in 
order to cancel first un-arranging (conventional technique 1). However, since manganese 
is still distributed over most front faces of a lithium manganic acid ghost depending on 
this technique, manganese can melt, **** cannot fully be controlled and it cannot cancel 
second un-arranging. 

[0005] Moreover, the technique which covers positive active material with a lithium ion 
conductivity polymer is indicated by JP,10-125306,A for the same purpose (conventional 
technique 2). However, if a manganic acid ghost is used for positive active material, since 
the electrolytic solution will permeate the interior of a lithium ion conductivity polymer 
and the front face of a manganic acid ghost will be contacted also with this technique, 
manganese will begin to melt into nonaqueous electrolyte through covering of this 
polymer. So, it does not come to cancel second above-mentioned un-arranging too with 
the conventional technique 2. 

[0006] Consequently, also with the conventional technique 1, as long as the cheap 
manganic acid ghost is being used for positive active material also with the conventional 
technique 2, if it is used under hot environments, only the nonaqueous electrolyte 
rechargeable battery with which a charge-and-discharge property deteriorates can be 
offered. 
[0007] 

[Problem(s) to be Solved by the Invention] Then, using the cheap manganic acid ghost 
for positive active material, even if this invention is used under hot environments, it 
makes it the technical problem which should be solved to offer a nonaqueous electrolyte 
rechargeable battery with little degradation of a charge-and-discharge property. Also let it 
be the technical problem which should be solved to offer the cheap positive active 
material which uses as a principal component the manganic acid ghost used for such a 
nonaqueous electrolyte rechargeable battery with this. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, the artificer invented the following means. 

(The 1st means) The 1st means of this invention is positive active material according to 
claim 1. If the positive active material of this means is used, a nonaqueous electrolyte 
rechargeable battery with the following advantages can be manufactured. 
[0009] That is, with this means, as shown in drawing 1 , it is covered with the non- 
macromolecule coat of an elution control layer with which manganese melts from a 
manganic acid ghost particle, and the front face of the manganic acid ghost particle which 
is the principal component of positive active material controls ****. Here, when a 
nonaqueous electrolyte rechargeable battery is constituted, as for an elution control layer, 
it is desirable not to emit manganese to nonaqueous electrolyte from the elution control 
layer itself not to mention the manganese from a manganic acid ghost particle to 
nonaqueous electrolyte melting, and controlling ****. Moreover, as for an elution control 
layer, it is desirable to have the property in which nonaqueous electrolyte is not made to 



penetrate so that nonaqueous electrolyte may touch a manganic acid ghost particle 
through an elution control layer and may not denaturalize in response to an activity 
operation of manganese, even if the high voltage is comparatively built at the time of 
charge. Then, it is desirable to use the lithium system multiple oxide with which the 
manganese element is not contained for an elution control layer, and not to contain the 
manganese element in the elution control layer itself. 

[0010] So, in the positive electrode of a nonaqueous electrolyte rechargeable battery, 
since it is prevented that nonaqueous electrolyte touches manganese with high activity 
directly, first un-arranging [ that nonaqueous electrolyte will be decomposed by the 
catalysis of manganese and a cell property deteriorates by it ] is avoided. Moreover, by 
the same reason, since the elution of the manganese from the manganic acid ghost 
particle of positive active material to the inside of nonaqueous electrolyte is controlled, 
the eluted manganese moves in the inside of nonaqueous electrolyte, it acts on a negative 
electrode, and second un-arranging [ of checking the charge and discharge of a 
nonaqueous electrolyte rechargeable battery ] is also prevented. Consequently, it is 
prevented that a cell property does not deteriorate even if it also charges first above- 
mentioned un-arranging by the high voltage comparatively, since second un-arranging is 
also canceled, but a charge-and-discharge property deteriorates even if it keeps thru/or 
uses it at an elevated temperature comparatively. 

[001 1] If the nonaqueous electrolyte rechargeable battery which only consists of a naked 
manganic acid ghost particle is specifically compared with the nonaqueous electrolyte 
rechargeable battery as one example of this invention, as shown in drawing 2 and 
drawing 3 , the outstanding charge-and-discharge cycle property and outstanding 
preservation property under an elevated temperature will be proved. That is, drawing 2 is 
a graph which shows the fall of the discharge capacity at the time of repeating charge and 
discharge for the example of a comparison which does not have an elution control layer 
in a manganic acid ghost particle, and the nonaqueous electrolyte rechargeable battery of 
this invention with a predetermined elution control layer in a 60-degree C ambient 
atmosphere. It is clear from drawing 2 that the direction of the nonaqueous electrolyte 
rechargeable battery of this invention in which it has the positive active material of this 
means when the number of cycles exceeds about 40 excels in discharge capacity, and 
only the initial capacity to about 20 excels [ direction / of the example of a comparison ] 
in an elevated-temperature charge-and-discharge cycle property although the number of 
cycles of charge and discharge is a little excellent. In addition, it is possible to 
manufacture the example superior to the example of a comparison with the means of 
forming an elution control layer with a lithium cobalt multiple oxide also about initial 
capacity, so that it may mention later. On the other hand, drawing 3 is a bar graph which 
compares and shows the elevated-temperature preservation property of the above- 
mentioned example of a comparison, and one example of this invention about the 
recovery factor of the discharge capacity of the nonaqueous electrolyte rechargeable 
battery [ finishing / charge ] which made early discharge capacity 100% and was left in 
the 60-degree C ambient atmosphere for 300 hours. The discharge capacity fall according 
[ the direction of one example of this invention ] to elevated-temperature preservation is 
improved about several% so that clearly from drawing 3 . 

[0012] Therefore, according to this means, though the manganic acid ghost is used for a 
principal component and it is cheap, even if used under hot environments, it is effective 



in the abihty to offer the positive active material of a nonaqueous electrolyte rechargeable 
battery with little degradation of a charge-and-discharge property. Here, nonaqueous 
electrolyte is a concept which does not say only nonaqueous electrolyte but also contains 
gel nonaqueous electrolyte and solid electrolytes (polymer of a certain kind etc.), and is a 
concept containing an ion conductivity high medium general [ equivalent to a solvent ] 
So, although the nonaqueous electrolyte rechargeable battery also contains the 
nonaqueous electrolyte rechargeable battery, it has pointed out the concept larger than a 
nonaqueous electrolyte rechargeable battery. 

[0013] Moreover, as a manganic acid ghost, although a lithium, and the multiple oxide 
and manganese dioxide of manganese are typical, as long as the cell engine performance 
and cost allow, other manganic acid ghosts may be used. In addition, although it is most 
desirable to cover all front faces with the elution control layer as for a manganic acid 
ghost particle, even if there is a front face which is not covered in part, cycle capacity and 
a preservation property only fall a little. So, although there is not necessarily no need that 
all the front faces of a manganic acid ghost particle are covered with the elution control 
layer, it is desirable to cover as many parts as possible with the elution control layer 
among the front faces of a manganic acid ghost particle. 

[0014] Furthermore, as an approach of manufacturing the positive active material of this 
means, there are the following approaches, for example. First, as a raw material which 
forms an elution control layer, a lithium raw material and metallic element raw materials 
other than manganese are mixed, and this mixture impalpable powder is added to a 
manganic acid ghost particle, and it mixes. After an appropriate time, the mixture of the 
mixture impalpable powder and the manganic acid ghost particle which form an elution 
control layer is calcinated, and the positive active material of this means is obtained As 
said lithium raw material, Li2C03, LiOH-H20, LiOH, etc. are mentioned here, for 
example, moreover -- as said metallic element raw material -- Ti02, V205, and W03 
and Mo03 etc. -- an oxide and acids, such as H2W04 and H2Mo04, can b'e mentioned 
If burning temperature is set as 500-900 degrees C, sufficient baking operation will be 
acquired. Moreover, as for the maintenance time amount of burning temperature, it is 
desirable that it is 1 - 30 hours, and it is more desirable that it is 3 - 20 hours. However, 
the manufacture approach of the positive active material of this means is not limited to' 
the above approach. 

[0015] (The 2nd means) The 2nd means of this invention is positive active material 
according to claim 2. That is, the elution control layer consists of these means 
considering one of lithium multiple oxides as a principal component among Ti, V, Mo, 
W, Co, and nickel. So, since most (or completely) Mn is not contained in an elution 
control layer but Mn does not begin to melt into nonaqueous electrolyte from an elution 
control layer, if the positive active material of this means is used for a nonaqueous 
electrolyte rechargeable battery, the nonaqueous electrolyte rechargeable battery can 
demonstrate good endurance. 

[0016] In addition, about the case where Ti, V, Mo, or W is adopted, although the engine 
performance which excelled [ example / below-mentioned / each ] in the nonaqueous 
electrolyte rechargeable battery is clarified, also when Co or nickel is adopted, the 
similarly excellent cell engine performance is demonstrated. Since an elution control 
layer demonstrates not only the operation as an elution control layer but the operation as 
positive active material when Co or nickel is adopted as an elution control layer, there is 



almost no fall of initial capacity like the after-mentioned, and the more excellent cell 
engine performance is obtained. 

[0017] (The 3rd means) The 3rd means of this invention is positive active material 
according to claim 3. That is, with this means, a manganic acid ghost is either among the 
multiple oxide of a lithium and manganese, and a manganese dioxide. In the 1st above- 
mentioned means, although other things were employable as a manganic acid ghost, with 
this means, it is comparatively cheap and limitation was added from a viewpoint of an 
object also with easy acquisition and manufacture of a raw material. As a multiple oxide 
(lithium manganese multiple oxide) of a lithium and manganese, LiMn204, Lil+XMn2- 
x04, Lil+XMn2-x-yMey04 (however, Me metallic elements other than Mn), etc. are 
employable, for example. 

[0018] Therefore, according to this means, in addition to the effectiveness of the 1st 
above-mentioned means or the 2nd means, the effectiveness that it is comparatively 
cheap and acquisition and manufacture of a raw material are also easy is produced. 
(The 4th means) The 4th means of this invention is positive active material according to 
claim 4. With this means, limitation by it being 1:0.001 thru/or 1:0.01 is added about the 
combination weight ratio of a manganic acid ghost particle and an elution control layer. 
Here, the combination weight ratio of a manganic acid ghost particle and an elution 
control layer interrupts 1:0.001, if small, under hot environments, the elution depressant 
action of the manganese of an elution control layer will become small, and the 
preservation property of the nonaqueous electrolyte rechargeable battery under an 
elevated temperature will deteriorate. Conversely, if this combination weight ratio is 
large exceeding 1:0.01, it will produce un-arranging [ that the coat of an elution control 
layer becomes thick, the electric resistance which this coat has becomes large, and the 
internal resistance of a nonaqueous electrolyte rechargeable battery increases ]. 
Therefore, if the range of a combination weight ratio is limited like this means, while 
degradation of the preservation property under the elevated temperature of a nonaqueous 
electrolyte rechargeable battery is prevented effectively, the internal resistance of a 
nonaqueous electrolyte rechargeable battery also seldom needs to become large. 
Consequently, the nonaqueous electrolyte rechargeable battery which is durable also 
under an elevated temperature can be offered, without reducing the initial engine 
performance of a nonaqueous electrolyte rechargeable battery not much. 
[0019] Therefore, according to this means, it is effective in the ability to manufacture 
now the nonaqueous electrolyte rechargeable battery with which initial performance 
degradation is durable also under an elevated temperature few in addition to the 
effectiveness of the 1st above-mentioned means thru/or the 3rd means. 
(The 5th means) The 5th means of this invention is a nonaqueous electrolyte rechargeable 
battery according to claim 5. 

[0020] That is, with this means, since it is characterized by having one of positive active 
material in a positive electrode among the 1st above-mentioned means thru/or the 4th 
means, either is demonstrated among the effectiveness which each means has. That is, 
using the manganic acid ghost cheap as a principal component of positive active material, 
even if used under hot environments, it becomes possible to offer a nonaqueous 
electrolyte rechargeable battery with little degradation of a charge-and-discharge 
property. 

[0021] Therefore, according to the nonaqueous electrolyte rechargeable battery of this 



means though it is cheap, the initial engine performance seldom falls but it is effective in 
the ability to demonstrate the endurance excellent also in the long-term use under an 
elevated temperature. In addition, as a negative-electrode active material of the 
nonaqueous electrolyte rechargeable battery of this means, occlusion and various kinds of 
matter which can be emitted are [ the lithium ion other than a lithium metal or a lithium 
alloy ] electrochemically employable, for example, carbon system ingredients, such as a 
graphite, corks, and an organic high molecular compound, and positive active material - 
Sf^ 8 " Sn0 md Ti02 with low Potential etc. - a metallic oxide etc. is employable. 
L0022] Moreover, as nonaqueous electrolyte of the nonaqueous electrolyte rechargeable 
battery of this means, although not limited to nonaqueous electrolyte as mentioned above 
the nonaqueous electrolyte which lithium salt was used [ nonaqueous electrolyte 1 as the ' 
supporting electrolyte and dissolved this supporting electrolyte in various kinds of 
organic solvents is typical, here - as a supporting electrolyte - LiC104 LiBF4 LiPF6 
and LiCF3 - S03, LiN (CF3S02)2, LiN (C2F5S02)2, LiN (CF3S02) (C4F9S02) etc 
are employable. Since the manganese from the positive active material by the fluoric acid 
which separated melts in the nonaqueous electrolyte in which the supporting electrolyte 
containing a fluorine was contained and **** is effectively prevented by the elution 
control layer also in these, the effectiveness which this means has is demonstrated 
remarkably. On the other hand, as an organic solvent of nonaqueous electrolyte 
propylene carbonate, ethylene carbonate, 1, 2-dimethoxyethane, dimethyl carbonate 
diethyl carbonate, ethyl methyl carbonate, a tetrahydrofuran, 2-methyl tetrahydrofur'an 
tetrahydropyran, etc. are employable, for example. In the nonaqueous electrolyte which 
contains the organic solvent of a carbonate system also in these, since charge and 
discharge are comparatively performed by the high voltage, the effectiveness of the 
nonaqueous electrolyte rechargeable battery of this means without the thing beyond 4V 
for which manganese touches nonaqueous electrolyte with almost among positive active 
material shows up notably. 
[0023] 

[Embodiment of the Invention] clear [ contrasting the example and the example of a 
comparison of a nonaqueous electrolyte rechargeable battery which have the positive 
active material of this invention in a positive electrode so that an understanding which 
can be earned out to this contractor may be acquired ] about the gestalt of operation of 
the positive active material of this invention, and a nonaqueous electrolyte rechargeable 
battery - and it fully explains. 
[Example] 

(Example 1:A1) The nonaqueous electrolyte rechargeable battery which has the positive 
active material and this positive active material as an example 1 of this invention in a 
positive electrode was prepared as follows. 

[0024] That is, it is Ti02 of 19.9g of Li2COs 3 and 86.3g first. It mixed uniformly with 
the mortar and the mixture (mixture 1) of Li/Ti=l/2 was created by the mole ratio 
Subsequently, 1.8kg Lil.l2Mn 1.8804 beforehand calcinated and prepared at 900 
degrees C It mixed until it received, it added only 10.6g of mixture 1 and it became 
uniform with the mortar further, and new mixture (mixture 2) was obtained, and the result 
which threw mixture 2 into the crucible made from an alumina, and was calcinated over 
20 hours at the temperature of 650 degrees C in air -- Lil.l2Mn 1.8804 from - the 
becoming manganic acid ghost particle and the elution control layer which is the coat 



which consists the front face of a wrap lithium titanium multiple oxide were formed. In 
addition, LiL12Mn L8804 at this time The combination weight ratio with the 
combination weight ratio of the lithium titanium multiple oxide to receive, i.e., a 
manganic acid ghost, and an elution control layer is 1 :0.005 (0.5 % of the weight). 
[0025] Consequently, the positive active material which consists of a manganic acid 
ghost particle which uses a manganic acid ghost as a principal component, and an elution 
control layer which is a wrap non-macromolecule coat about the front face of this 
manganic acid ghost, and controls the elution of the manganese from this manganic acid 
ghost particle was manufactured. Here, a manganic acid ghost is the oxide of an almost 
pure lithium and manganese, and, on the other hand, an elution control layer is an almost 
pure lithium titanium multiple oxide, i.e., a lithium multiple oxide with Ti. Moreover, the 
value of 1 :0.005 of the combination weight ratio of a manganic acid ghost and an elution 
control layer is equivalent to the in-between value of the range of 1 :0.001 thru/or 1:0.01. 
[0026] In addition, the diameter of a manganic acid ghost particle is 4 micrometers about 
among this positive active material, and if the thickness of the elution control layer which 
has covered the front face of this particle is 0.003-0.01 micrometers in general, it will be 
presumed on count. Moreover, although it is a guess to the last, it is thought from height 
called 88% of a capacity maintenance factor that the elution control layer has covered 
most front faces of a manganic acid ghost particle. 

[0027] The nonaqueous electrolyte rechargeable battery which has said positive active 
material in a positive electrode was created as follows in order to check the effectiveness 
of the positive active material of this example. The positive electrode was begun from the 
production of a paste which contains positive active material first. That is, the positive 
active material of 86% of the weight of this example, 10% of the weight of the graphite 
as electric conduction material, and 4% of the weight of PVDF (polyvinylidene fluoride) 
as a binder were melted in the N-methyl-2-pyrrolidone as a solvent, and the paste was 
created. After an appropriate time, this paste was uniformly applied to one front face of 
the charge collector which consists of aluminium foil by predetermined weight and 
thickness, and the aluminium foil with which positive active material was held on the 
surface of one side after desiccation of this paste was pierced to discoid with a diameter 
of 14mm. And after carrying out pressing of the positive active material held on the 
surface of aluminium foil and compressing it a little, the positive electrode was created 
by carrying out a vacuum drying. 

[0028] On the other hand, the negative electrode pierced the metal lithium foil of 
predetermined thickness to discoid with a diameter of 15mm, and was created. Moreover, 
the nonaqueous electrolyte as nonaqueous electrolyte is LiPF6 as an electrolyte which is 
a solute at the mixed solution of the ethylene carbonate and diethyl carbonate which were 
mixed by the volume ratio 3:7. It was adjusted by melting at a rate of one mol/1. In 
addition, as a separator, thickness adopted the porous membrane made from polyethylene 
whose void content is 40% by 25 micrometers. 

[0029] And the diameter of a container created the nonaqueous electrolyte rechargeable 
battery Al of an assembly and an example 1 for the nonaqueous electrolyte rechargeable 
battery of flat this invention whose thickness is 3.0mm by 20mm using the positive 
electrode, the negative electrode, and nonaqueous electrolyte which were created as 
mentioned above. As the major characteristics of the nonaqueous electrolyte rechargeable 
battery Al of an example 1 are shown in the next table 1, the coat of an elution control 



layer is formed with the lithium multiple oxide with Ti, and the weight ratio of an elution 
control layer to a manganic acid ghost particle is 1 :0.005 (0.5 % of the weight) 
Moreover, the initial discharge capacity per [ to the example B9 of a comparison which 
created the naked manganic acid ghost as positive active material like the after-mentioned 
J unit weight was 97%. Furthermore, as a result of performing a charge-and-discharge 
cycle trial, the capacity maintenance factor to this initial discharge capacity is 0.88 
(88%), and marked the value higher than any among each below-mentioned example of a 
comparison. In addition, the charge-and-discharge cycle trial is performed on the same 
conditions by each example and each example of a comparison. That is, it sets to the 60- 
degree C hot environments in a thermostat, and a charge-and-discharge cycle trial is 
charging current consistency 0.5 mA/cm2. Discharge current consistency 0.5 mA/cm2 
after charging to 4.3V The trial process which discharges to 3V was performed as 1 
cycle. And the value which broke the discharge capacity in 50 cycle eye by initial 
discharge capacity was indicated to Table 1 as a capacity maintenance factor of the 
nonaqueous electrolyte rechargeable battery 
[0030] 
[Table 1] 
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[003 1] (Example 2:A2) An example 2 is Ti02 as one side of the starting material of an 
elution control layer. Except for the point which replaced with and used V205, it is the 
same as that of an example 1. That is, in this example, V205 of 19.2g of Li2COs 3 and 



94.7g were uniformly mixed with the mortar, and the mixture (mixture 1) of Li/V=l/2 
was created by the mole ratio like the example 1 . Subsequently, 1 .8kg Lil . 12Mn 1 .8804 
beforehand calcinated and prepared at 900 degrees C It received, it mixed until it added 
only 1 1 .4g of mixture 1 and became uniform with the mortar further, and new mixture 
(mixture 2) was obtained, and the result which threw mixture 2 into the crucible made 
from an alumina, and was calcinated over 20 hours at the temperature of 650 degrees C in 
air - Lil.l2Mn 1.8804 from — the becoming manganic acid ghost particle and the 
elution control layer which is the coat which consists the front face of a wrap lithium 
vanadium multiple oxide were formed. In addition, Lil.l2Mn 1.8804 at this time The 
combination weight ratio with the combination weight ratio of the lithium vanadium 
multiple oxide to receive, i.e., a manganic acid ghost, and an elution control layer is the 
1:0.005 [ same ] (0.5 % of the weight) as an example 1. 

[0032] Moreover, if the point which has adopted the above positive active material is 
removed, the approach of beginning the approach of creating a positive electrode and 
creating the nonaqueous electrolyte rechargeable battery A2 of an example 2 is the same 
as that of an example 1. Furthermore, initial discharge capacity and a capacity 
maintenance factor were also measured with the same test method as an example 1 . 
Consequently, as shown in said table 1, the initial capacity per unit weight has only been 
95% fewer about 2% than the above-mentioned example 1. Moreover, the capacity 
maintenance factor of 50 cycle eye in a charge-and-discharge cycle trial is also 0.87 only 
with less 0.01 than an example 1. However, the capacity maintenance factor of this 
example has also marked the value higher than any of each below-mentioned example of 
a comparison. 

[0033] (Example 3: A3) An example 3 is Ti02 as one side of the starting material of an 
elution control layer. Except for the point which replaced with and used H2W04, it is the 
same as that of an example 1. That is, in this example, H2W04 of 13.9g of Li2COs 3 and 
94.2g was uniformly mixed with the mortar, it differed in the example 1, and the mixture 
(mixture 1) of Li/W=l/1 was created by the mole ratio. Subsequently, 1.8kg Lil.l2Mn 
1.8804 beforehand calcinated and prepared at 900 degrees C It received, it mixed until it 
added only 10. 8g of mixture 1 and became uniform with the mortar further, and new 
mixture (mixture 2) was obtained, and the result which threw mixture 2 into the crucible 
made from an alumina, and was calcinated over 20 hours at the temperature of 650 
degrees C in air - Lil.l2Mn 1.8804 from - the becoming manganic acid ghost particle 
and the elution control layer which is the coat which consists the front face of a wrap 
lithium tungsten multiple oxide were formed. In addition, Lil.l2Mn 1.8804 at this time 
The combination weight ratio with the combination weight ratio of the lithium tungsten 
multiple oxide to receive, i.e., a manganic acid ghost, and an elution control layer is the 
1:0.005 [ same ] (0.5 % of the weight) as an example 1. 

[0034] Moreover, if the point which has adopted the above positive active material is 
removed, the approach of beginning the approach of creating a positive electrode and 
creating nonaqueous electrolyte rechargeable battery A3 of an example 3 is the same as 
that of an example 1. Furthermore, initial discharge capacity and a capacity maintenance 
factor were also measured with the same test method as an example 1. Consequently, as 
shown in said table 1, the initial capacity per unit weight has only been 96% fewer about 
1% than the above-mentioned example 1. Moreover, the capacity maintenance factor of 
50 cycle eye in a charge-and-discharge cycle trial is also 0.87 only with less 0.01 than an 



example 1 However, the capacity maintenance factor of this example has also marked 
™ m ^ eT t* 1 ™ of ^ch below-mentioned example of a comparison 
10035] (Example 4:A4) An example 4 is Ti02 as one side of the starting material of an 
elution control layer. It replaces with and is Mo03. Except for the used point it is the 
same as that of an example 1. That is, at this example, it is Mo03 of 22.0g of Li2COs 3 
and 85.9g. It mixed uniformly with the mortar, it differed in the example 1 and the 
T ni 1 Xt 1 U oL (miXtUre 1} ° f Li/Mo=1/1 was cre *ed by the mole ratio. Subsequently 1 8kg 
LH.12Mn 1.8804 beforehand calcinated and prepared at 900 degrees C It received it 
mixed until it added only 10.8g of mixture 1 and became uniform with the mortar further 
and new mixture (mixture 2) was obtained, and the result which threw mixture 2 into the' 
crucible made from an alumina, and was calcinated over 20 hours at the temperature of 
650 degrees C in air - Lil.l2Mn 1.8804 from - the becoming manganic acid ghost 
particle and the elution control layer which is the coat which consists the front face of a 
wrap lithium molybdenum multiple oxide were formed. In addition, Lil 12Mn 1 8804 at 
this time The combination weight ratio with the combination weight ratio of the lithium 
molybdenum multiple oxide to receive, i.e., a manganic acid ghost, and an elution control 
layer is the 1 :0.005 [ same ] (0.5 % of the weight) as an example 1 . 
[0036] Moreover, if the point which has adopted the above positive active material is 
removed, the approach of beginning the approach of creating a positive electrode and 
creating nonaqueous electrolyte rechargeable battery A4 of an example 4 is the same as 
that of an example 1. Furthermore, initial discharge capacity and a capacity maintenance 
factor were also measured with the same test method as an example 1 . Consequently as 
shown in said table 1, the initial capacity per unit weight has only been 96% fewer about 
1 /o than the above-mentioned example 1 . Moreover, the capacity maintenance factor of 
50 cycle eye m a charge-and-discharge cycle trial is also 0.87 only with less 0.01 than an 
example 1. However, the capacity maintenance factor of this example has also marked 
the value higher than any of each below-mentioned example of a comparison 
[0037] (Example 5-12:A5-A12) The front face of a lithium manganic acid ghost was 
covered, and the coat of the elution control layer which consists of a lithium multiple 
oxide with Ti, V, W, or Mo like examples 1-4 was formed. And lithium manganic acid 
ghost Lil.l2Mn 1.8804 of this coat The receiving weight ratio was mixed by 1 0 001 
(0.1 % of the weight) or 1:0.01 (1 % of the weight), as shown in said table 1 and the 
positive active material of each example was created. These two kinds of mixed weight 
ratios are the lower limits and upper limits of the range of 1 :0.001 which is a desirable 
mixed weight ratio thru/or 1:0.01. 

[0038] Moreover, the examples 5-12 (A5-A12) of the nonaqueous electrolyte 
rechargeable battery which has the positive electrode which carried out pressing of each 
positive active material etc. like an example 1 in one front face of the charge collector 
which consists of aluminium foil were created. The term of the below-mentioned 
comparative evaluation explains evaluation of these examples. 

(Example 13:A13) The point which replaced the positive active material of this example 
with one side of the starting material for forming an elution control layer at Li2C03 and 
adopted LiOH differs from the example 1 . 

[0039] That is, at this example, they are 12.9g LiOH and 86.3g Ti02. It mixed uniformly 
with the mortar, it differed in the example 1, and the mixture (mixture 1) of Li/Ti=l/1 
was created by the mole ratio. Subsequently, 1.8kg Lil.l2Mn 1.8804 beforehand 



calcinated and prepared at 900 degrees C It received, it mixed until it added only 9.92g of 
mixture 1 and became uniform with the mortar further, and new mixture (mixture 2) was 
obtained, and the result which threw mixture 2 into the crucible made from an alumina, 
and was calcinated over 20 hours at the temperature of 650 degrees C in air - Lil . 12Mn 
1.8804 from -- the becoming manganic acid ghost particle and the elution control layer 
which is the coat which consists the front face of a wrap lithium titanium multiple oxide 
were formed. In addition, Lil.l2Mn 1.8804 at this time The combination weight ratio 
with the combination weight ratio of the lithium titanium multiple oxide to receive, i.e., a 
manganic acid ghost, and an elution control layer is the 1:0.005 [ same ] (0.5 % of the 
weight) as an example 1 . 

[0040] Moreover, the approach of beginning the approach of creating a positive electrode 
and creating the nonaqueous electrolyte rechargeable battery A13 of an example 13 is the 
same as that of an example 1 . Furthermore, initial discharge capacity and a capacity 
maintenance factor were also measured with the same test method as an example 1 . The 
term of the below-mentioned comparative evaluation also explains evaluation of this 
example (A13). 

(Example 14:A14) It differs from the example 3 in that the positive active material of this 
example adopted LiOH as one side of the starting material for forming an elution control 
layer. 

[0041] That is, at this example, they are 16.4g LiOH and 79.7g W03. It mixed uniformly 
with the mortar, it differed in the example 3, and the mixture (mixture 1) of Li/W=2/1 
was created by the mole ratio. Subsequently, 1.8kg Lil.l2Mn 1.8804 beforehand 
calcinated and prepared at 900 degrees C It received, it mixed until it added only 9.6 lg of 
mixture 1 and became uniform with the mortar further, and new mixture (mixture 2) was 
obtained, and the result which threw mixture 2 into the crucible made from an alumina, 
and was calcinated over 20 hours at the temperature of 650 degrees C in air - Lil.l2Mn 
1.8804 from « the becoming manganic acid ghost particle and the elution control layer 
which is the coat which consists the front face of a wrap lithium tungsten multiple oxide 
were formed. In addition, Lil.l2Mn 1.8804 at this time The combination weight ratio 
with the combination weight ratio of the lithium tungsten multiple oxide to receive, i.e., a 
manganic acid ghost, and an elution control layer is the 1:0.005 [ same.]. (0.5 % of the 
weight) as an example 3. 

[0042] Moreover, the approach of beginning the approach of creating a positive electrode 
and creating the nonaqueous electrolyte rechargeable battery A14 of an example 14 is the 
same as that of an example 1. Furthermore, initial discharge capacity and a capacity 
maintenance factor were also measured with the same test method as an example 1 . The 
term of the below-mentioned comparative evaluation also explains evaluation of this 
example (A14). 

(Example 15:A15) It differs from the example 4 in that the positive active material of this 
example adopted LiOH as one side of the starting material for forming an elution control 
layer. 

[0043] That is, at this example, they are 24.8g LiOH and 74.5g Mo03. It mixed 
uniformly with the mortar, it differed in the example 4, and the mixture (mixture 1) of 
Li/Mo=2/l was created by the mole ratio. Subsequently, 1.8kg Lil.l2Mn 1.8804 
beforehand calcinated and prepared at 900 degrees C It received, it mixed until it added 
only 9.93g of mixture 1 and became uniform with the mortar further, and new mixture 



(nuxture 2) was obtained, and the result which threw mixture 2 into the crucible made 
from an alumina and was calcinated over 20 hours at the temperature of 650 degrees C in 

^ Lnn t u L88 °l fr ° m " the becomin § m ^ganic acid ghost particle and the 
elu ion control layer which is the coat which consists the front face of a wrap lithium 
molybdenum multiple oxide were formed. In addition, Lil.l2Mn 1.8804 at this time The 
combination weight ratio with the combination weight ratio of the lithium molybdenum 
multip e oxide o receive i.e., a manganic acid ghost, and an elution control layer is the 
1 .0.005 [ same ] (0.5 % of the weight) as an example 4 

ind 4 ^° r T r ' aPPr0aCl ? ° f bCgimiing the appr0ach of creatin S a P° siti ^ electrode 
and creating the nonaqueous electrolyte rechargeable battery A15 of an example 15 is the 

same as that of an example 1. Furthermore, initial discharge capacity and a capacity 
maintenance factor were also measured with the same test method as an example 1 The 
ex^X*A15)° W " mentl0ned °° mparative evaluati °n also explains evaluation of this 
[The example of a comparison] 

(Example of comparison 1-8.B1-B8) With the positive active material of the examples 1- 
8 of a comparison, it is Lil.l2Mn 1.8804 in a manganic acid ghost particle like each 
above-mentioned example. It was adopted. Similarly, the oxide containing Li2C03 and 
tour sorts of metallic elements corresponding to examples 1-4 etc. is adopted as the 
starting material of an elution control layer, and the elution control layer which consists 
of a lithium system multiple oxide is formed in it. However, as shown in said table 1 the 
weigh ratio of an elution control layer to a manganic acid ghost particle is separated' 
from it and set up from the desirable range (0.1-1 % of the weight), and is 0.05 % of the 
weight or 5 A of the weight. The positive active material of the examples 1-8 of a 
comparison was manufactured on such conditions. In addition, since it is satisfied only 
with such positive active material having not satisfied the conditions of the 4th above- 
mentioned means of the conditions of the 1st means thru/or the 3rd means, it should treat 
as an example essentially. However, since inferiority carried out the examples 1-8 of a 
comparison rather as compared with each above-mentioned example with which are 
satisfied of the conditions of the 4th means, they were made to dare treat as an example 
of a comparison. H 

[0045] Moreover, the approach of beginning the approach of creating a positive electrode 
and creating the nonaqueous electrolyte rechargeable batteries B1-B8 of the examples 1-8 
of a comparison is the same as that of an example 1. Furthermore, initial discharge 
capacity and a capacity maintenance factor were also measured with the same test 
method as an example 1. The term of the below-mentioned comparative evaluation also 
explains evaluation of each of these examples of a comparison (B 1 -B8) 
(Example of comparison 9:B9) The positive active material of this example of a 
comparison ,s Lil.l2Mn 1.8804 in a manganic acid ghost particle like each above- 
mentioned example and each example of a comparison. Although adopted the wrap 
elution control layer does not have the front face of a manganic acid ghost particle That 
is, the positive active material of this example of a comparison is not the example of this 
invention but the conventional technique thru/or the thing of a kind which should also 
usually be called technique also in strict semantics. In addition, it was created by the 
approach as each example of the above-mentioned [ after ], and each example of a 
comparison that the nonaqueous electrolyte rechargeable battery B9 of this example of a 



comparison is also the same only by positive active material differing. 
[0046] The initial discharge capacity of each example shown in said table 1 and each 
example of a comparison is the value compared considering the initial discharge capacity 
of the nonaqueous electrolyte rechargeable battery B9 of this example of a comparison as 
100% of a reference value. However, the capacity maintenance factor in a charge-and- 
discharge cycle trial is the value which set each initial discharge capacity to 1, and was 
calculated by each in each example and each example of a comparison. 
When X diffraction measurement was carried out to the positive active material of each 
example more than [comparison examination], and each example of a comparison, the 
difference in change of a peak pattern, the shift of a peak location, etc. was not mutually 
seen about the positive active material of all examples, namely, all the example and 
examples 1-8 of a comparison - setting - Lil.l2Mn 1.8804 of the example 9 of a 
comparison from — the same peak pattern as a case and peak location of the positive 
active material of only the becoming manganic acid ghost particle were obtained. So, 
Lil.l2Mn 1.8804 used as the nucleus of positive active material That by which the front 
face of a manganic acid ghost particle is covered with the coat of the elution control layer 
which a structural change does not have in a manganic acid ghost particle, and consists of 
a lithium multiple oxide with each only added element can be presumed. If said table 1 is 
again improved based on the result of such X diffraction measurement, it is possible that 
the difference of the engine performance of each nonaqueous electrolyte rechargeable 
battery is produced by the difference in the elution control layer adhering to the front face 
of a manganic acid ghost particle. 

[0047] That is, if each nonaqueous electrolyte rechargeable battery (Al - A4) of 
examples 1-4 is compared mutually and examined, the nonaqueous electrolyte 
rechargeable battery Al which adopted positive active material with the elution control 
layer of a lithium titanium multiple oxide will demonstrate the most excellent engine 
performance. That is, in the nonaqueous electrolyte rechargeable battery Al, it is 97% of 
B9 from which initial discharge capacity serves as criteria, and the capacity maintenance 
factor as a result of a charge-and-discharge cycle trial in an elevated-temperature ambient 
atmosphere is 88% of initial discharge capacity. That is, also by the result of a charge- 
and-discharge cycle trial in an elevated-temperature ambient atmosphere, compared with 
the initial discharge capacity of B9, 97%x88%=85% discharge capacity is maintained, 
and 74% which is the capacity maintenance factor of B9 is exceeded no less than 11%. 
[0048] Therefore, according to the nonaqueous electrolyte rechargeable battery Al of an 
example 1 , using the cheap manganic acid ghost for the principal component of positive 
active material, even if used under hot environments, it is effective in degradation of a 
charge-and-discharge property decreasing. The engine performance is most inferior in A2 
which formed the elution control layer by the lithium banazin san ghost among the 
nonaqueous electrolyte rechargeable battery Al of examples 1-4 - A4. Although just 
initial discharge capacity is inferior in the nonaqueous electrolyte rechargeable battery 
A2 with 95% of B9, the capacity maintenance factor after the trial of a charge-and- 
discharge cycle trial has still marked 86%. So, rather than 95%x86%=82% and 74% of 
capacity maintenance factors of B9, discharge capacity with no less than 8 high% was 
maintained, and, as for the nonaqueous electrolyte rechargeable battery A2, it was proved 
that the charge-and-discharge cycle property under an elevated temperature is superior to 
the example 9 of a comparison used as criteria. 



[0049] Moreover, nonaqueous electrolyte rechargeable battery A3 of the example 3 
which used a tungsten and molybdenum as an alloying element of an elution control 

S f 'Jf SP tw y ' m u CXample 4 ' and A4 have the bivalent engine performance 
mutually. That is, each of nonaqueous electrolyte rechargeable battery A3 and initial 
discharge capacity of A4 is 96% of B9, and each capacity maintenance factor in a charge- 
and-discharge cycle trial is 87%. Therefore, nonaqueous electrolyte rechargeable battery 
A3 of an example 3 and an example 4 and A4 demonstrate the in-between engine 
performance of the nonaqueous electrolyte rechargeable battery Al of an example 1 and 
the nonaqueous electrolyte rechargeable battery A2 of an example 2, and the charge-and- 
discharge cycle property under an elevated temperature is superior to the example 9 of a 
comparison used as criteria too. 

[0050] It became clear that Ti is most excellent among Ti, V, W, and Mo as an element 
added to the lithium multiple oxide which forms an elution control layer, and the charge- 
and-discharge cycle property under an elevated temperature is extremely excellent from 
the above examination. Next, the weight ratio of an elution control layer to a manganic 
acid ghost particle compared mutually nonaqueous electrolyte rechargeable batterv A5 
which is 0.1%, 0.5%, and 1%, respectively, and Al and A6. Then, it became clear that 
initial discharge capacity has the one where the weight ratio of an elution control layer is 
lower in a high inclination. However, it became clear that the capacity maintenance factor 
in a charge-and-discharge cycle trial is in the inclination for the one where the weight 
ratio of an elution control layer is conversely higher to be high. If it considers from the 
above thing, what has many front faces of the manganic acid ghost particle which the 
thickness of an elution control layer runs short of the weight ratios of an elution control 
layer at 0. 1 % of the weight, or is not covered with an elution control layer will be 
conjectured. Consequently, it has a property with the weight ratio of the elution control 
layer of positive active material comparatively near the nonaqueous electrolyte 
rechargeable battery B9 of the example 9 of a comparison with which 0.1% of the weight 
of nonaqueous electrolyte rechargeable battery A5 uses as positive active material the 
manganic acid ghost particle which consists of a naked manganese lithium oxide 
[005 1] On the other hand, the maintained discharge capacity in a charge-and-discharge 
cycle tnal makes initial discharge capacity of B9 100%, and is 80%, 85%, and 87% about 
nonaqueous electrolyte rechargeable battery A5, and Al and A6, respectively Therefore 
when the weight ratios of an elution control layer were 0.1 % of the weight thru/or 1 % o'f 
the weight, it became clear to the initial discharge capacity of B9 that the discharge 
capacity of the base of 80% is demonstrated also for a charge-and-discharge cycle trial 
Moreover, when the weight ratio of an elution control layer was 0. 1 % of the weight 
thru/or 1% of the weight of the range, the results of 50 charge-and-discharge cycle trials 
were excellent, so that the weight ratio of an elution control layer was large However 
like nonaqueous electrolyte rechargeable battery B-2 of the example 2 of a comparison if 
there is a weight ratio of an elution control layer also 5% of the weight, the results of 50 
charge-and-discharge cycle trials will fall conversely, but good results may be obtained if 
a charge-and-discharge cycle trial is further performed over a long period of time 
Moreover, since a capacity maintenance factor will become low like the nonaqueous 
electrolyte rechargeable battery Bl of the example 1 of a comparison although initial 
discharge capacity is high if the weight ratio of an elution control layer does not pass to 
0.05 / 0 of the weight, although it is not suitable for long-term use under hot environments 



good results can be demonstrated rather than B9. So, it is thought that a proper value will 
become settled naturally about the weight ratio of an elution control layer to a manganic 
acid ghost particle if it becomes settled about the service temperature and the charge-and- 
discharge cycle life which are required of a nonaqueous electrolyte rechargeable battery, 
and it is ******. 

[0052] Even if it compares mutually the nonaqueous electrolyte rechargeable batteries 
B3, A7, A2, and A8 which similarly have the positive active material which formed the 
elution control layer with the lithium vanadium multiple oxide, and B4, the same 
inclination as the above-mentioned Bl, A5, Al and A6, and B-2 is seen. Moreover, the 
same inclination is accepted even if it compares mutually nonaqueous electrolyte 
rechargeable battery B5, A9 and A3 with the positive active material which formed the 
elution control layer with the lithium tungsten multiple oxide, A10, and B6. Furthermore, 
the same inclination is accepted even if it compares mutually the nonaqueous electrolyte 
rechargeable batteries B7 and Al 1 with the positive active material which formed the 
elution control layer with the lithium molybdenum multiple oxide, A4, and A12 and B8. 
[0053] In addition, even if the mole ratios of the alloying element of a lithium multiple 
oxide and lithium element which form an elution control layer [ the above-mentioned 
examples 1, 3, and 4 / respectively ] differ examples 13-15, it turns out that there is no 
fluctuation large in a cell property. Therefore, the nonaqueous electrolyte rechargeable 
battery which has the positive active material of this invention in a positive electrode is 
effective in the ability to demonstrate a bigger discharge capacity in the long-term use 
under hot environments compared with the nonaqueous electrolyte rechargeable battery 
which uses a naked manganic acid ghost particle as positive active material. 
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